Purpose -In this paper we present a roadmap for the elicitation of business rules based on different stakeholders' perspectives, in order to facilitate the processes of structuring, organizing and expressing business tactic and policy in a way that it is close to the business milieu and stakeholders' viewpoints. Design/methodology/approach -This paper has derived from a combined research practice. Initially, the development of a roadmap for understanding different stakeholders' perspectives and for identifying their views on business tactics and policies was based on well-grounded work on enterprise goal modelling, combined with a theoretical study of business rule -related concepts. The outcome of this work was tested against a real business case dealing with the development of an electronic procurement system in the pre-fabricated construction sector. Findings -As a conclusion, the paper put forward a comprehensive methodological framework for dealing with rule-intensive projects. The proposed roadmap can help IT practitioners in collecting and organizing business rule statements that apply within a particular organization, either towards the implementation of change on a business level, or in the context of specifying the (existing or future) functionality of supporting information systems (IS). Research limitations/implications -The rule roadmap presented here has been coupled with a modelling approach for expressing rules in a structured, consistent manner and for organizing them in a rule repository. Future work includes the extension of this approach to cover design and implementation as part of rule-centric information systems engineering. Practical implications -Therefore, the overall contribution of this work relates to the provision of guidance for identifying business policy and tactics at an intentional level (through the investigation of the rationale behind them) and for transforming relevant models to the operational level, where business rules are linked to business processes, information and systems. Originality/value -Although the business rule concept has been examined from different points of view over the past years, the paper attempts to bridge the gap between approaches that see rules as extensions of business goals, other approaches that consider rules as limitations on the way business activities are performed, and finally, approaches according to which rules constrain the creation, modification and deletion of information entities.
Introduction
The term "information system project" largely covers a number of different types of activities: information technology (IT) strategies development, package selections, behaviourally. The third phase (IS architecture analysis) aims at adding implementation details to the aforementioned business rulesets, in accordance with the information systems development paradigm to be followed (e.g. through the choice of a specific customisable rule engine, an active database, and so on).
All the necessary methodological tools for collecting and analysing business rules in rule-intensive IS projects, proposed by this work, have their origins in the enterprise knowledge development (EKD) framework (Kardasis, 2001; Loucopoulos, 2000; Kardasis et al., 2000; Wangler et al., 1999; Kardasis and Loucopoulos, 1998; Loucopoulos and Kavakli, 1997, 1995) . EKD examines enterprise knowledge from different perspectives, by enabling the modelling of organisational, operational and informational elements of an enterprise.
This theoretical framework has been developed in the context of a number of large, industrial-size applications (Loucopoulos et al., 1991a, b; McBrien et al., 1991; Loucopoulos and Katsouli, 1992; Loucopoulos et al., 1998; Prekas and Loucopoulos, 2000; Wangler et al., 1999) . The empirical evidence obtained from these projects has been instrumented in influencing the roadmap presented in this paper. Moreover, it is important to note that other authors have also dealt with the same topic through their involvement in large research initiatives (Rosca et al., 1995; Herbst, 1996b) .
The structure of this paper is as follows. The second section presents a number of existing rule approaches and attempts their evaluation based on different criteria. The third section provides a classification of business rules, approached from three perspectives: business context, business process and IS implementation. The fourth section is the proposed roadmap for collecting and organising business rules. The application of this roadmap is illustrated by a case study, which has been based on an EC-funded R&D project. The main objectives of this project include improvement of purchasing and sub-contracting processes in the construction sector, through the development of an electronic procurement system.
Business rules in information systems analysis methodologies
An information system (IS) is interpreted as a computer-supported system, which provides a set of users with information on specific topics of interest in a certain organisational context (Iivari and Hirschheim, 1996) . A main purpose of information systems analysis is to collect all relevant information about the universe of discourse of an information system (Pohl, 1993) . Such information is the description of static and dynamic constraints (i.e. rules) about phenomena perceived in the universe of discourse (Theodoulidis et al., 1990) . Naturally, business rules as part of requirements gathering and systems analysis have not been ignored by structured analysis, information engineering or object-oriented analysis approaches (Moriarty, 1993) , which to varying degrees, subsume or represent business rules as part of notation schemes used to specify application requirements (Gottesdiener, 1997) . Ross (1997) comments that traditional IS methodologies have addressed rules poorly, and only relatively late in the system development lifecycle. Hay and Healy (1997) mention that rules dealing with information structure may be represented by any of several flavours of Entity -Relationship or Object Class Diagrams, and responses to events may be shown via Essential Data Flow Diagrams (McMenamin and Palmer, 1984) or as Entity Life History Diagrams (Robinson and Berrisford, 1994) . There are fewer notations available, however, to describe action assertions. Most notable of these few is probably Object Role Modelling (Halpin, 1995) , derived from the Nijssen Information Analysis Method. Herbst et al. (1994) and Amghar et al. (2000) investigate exhaustively the issue, and agree (more or less) on the same conclusions.
In recent years there has been an increasing interest of the IS community in business rules, which has resulted in dedicated rule-centric modelling frameworks and methodologies (Zaniolo et al., 1997; Ross, 1997; Gottesdiener, 1999) , international initiatives for the investigation of business rules' role in the context of knowledge management (Hay and Healy, 1997) , conferences, workshops and tutorials (Mens et al., 1998; Ross and Lam, 1998) , and rule-centric rule management tools and application development support environments (e.g. Blaze Advisor Builder, BRS RuleTrack, Business Rule Studio, Haley Technologies, ILOG Rules, Platinum Aion, Usoft Developer and Visual Rule Studio).
According to Mens et al. (1998) , in order to evaluate dedicated rule approaches, one needs to examine whether each one of them:
. Provides a highly expressive rule language which will allow business people to participate in the requirements development phase of IS analysis. Other user-friendly modelling notations may also be necessary to enhance understanding of the application area and to enable communication between the involved parties.
. Provides a formal rule language for expressing rules at the design stage of IS engineering. These rules expressions must be easily implementable in some high-level programming language, or even directly executable.
. Achieves consistency between rules and underlying models (e.g. data models, activity diagrams, class diagrams, state transition diagrams, sequence diagrams, and so on).
. Proposes a meta-model for organising rules in a rule repository, and for facilitating their retrieval (e.g. according to the stakeholders that impose certain rules, the activities that are constrained by them, the object classes that they reference, the objectives that they satisfy, and so on).
. Proposes a roadmap for developing rule models at the analysis stage, and for translating them to rule specifications at the design stage.
. Allows the adoption of any architecture and platform that may suit the needs of the specific application. Table I attempts to evaluate and compare all the rule approaches that the authors of this paper are aware of, according to a number of evaluation criteria (Herbst et al., 1994; Amghar et al., 2000) .
(1) Formalism. "Formalism" deals with the expressiveness of formalisms for representing business rules, and can take three possible values: "HE" (highly expressive), "ME" (medium expressiveness) and "LE" (low in expressiveness). According to this criterion, a natural language rule statement is highly expressive, while a rule written in Cþþ or Prolog is not. The idea is that a good formalism should allow business people to understand, modify, or even write A roadmap for the elicitation of business rules from scratch rule expressions with little support from IT experts and knowledge engineers. (2) Guidance. The term "guidance" refers to the methodological support that the approach provides, and again, this can be sufficient, or poor, or it may not exist at all. A methodology is by definition supposed to offer guidance about how to use it. A good rule methodology should provide precise information about how to collect and organise rules at the analysis level, and how to translate them to formal rule expressions at the design level. (3) Organisation. "Organisation" has to do with how manageable rule models are.
Rule models can be highly manageable, or they can be medium or low in manageability. A modelling framework with high manageability should allow the retrieval of rules according to different criteria, imposed by the needs of the various proposed analysis and design activities. (4) Rationale. "Rationale" is concerned with the traceability of decisions that enforce or change rules, and its values are "HT", "MT" and "LT" (high, medium and low traceability, respectively). It has been selected as an additional criterion of rule models manageability, as it is useful for changing and refining rules. (5) Formality. "Formality" examines whether rule statements can be expressed based on a formal language or not ("F" is formal, and "inF" is informal), and whether they are in accordance with other models that are necessary for the development of an information system (e.g. a data model). (6) Openness. "Openness" deals with whether the examined approach assumes that the IS will be developed according to a specific implementation paradigm or even platform (e.g. using a certain active database). An "open" approach allows the adoption of different architectures and platforms, in order to be able to choose the one that satisfies the needs of the particular application area better.
In BROCOM (Herbst, 1996a, b) , the rule language is a type of structured English, and therefore, it is highly expressive. Moreover, rules are organised according to a rich meta-model, and can be retrieved based on a number of different criteria. On the other hand, the rationale behind business rules is not addressed at all. As far as methodological guidance is concerned, Herbst proposes the development of various models which are of great help during the analysis phase, but the process of creating and using them is not clearly defined and described. As an overall criticism, one could Table I . Evaluation of existing rule approaches say that the BROCOM approach offers a quite satisfactory rule-centric solution for the phase of IS analysis. However, the transition from analysis to design and implementation has not been addressed, which is not necessarily a bad thing, as a specific implementation paradigm has not been taken for granted, and therefore, the adoption of any convenient architecture and platform is allowed. DSS (Rosca et al., 1995; Rosca and Wild, 1996) is another approach that can assist in the analysis phase of IS development. Its focal point is the support of the rationale behind the establishment of rules. Moreover, DSS adopts the Event-Condition-Action (ECA) paradigm for structuring rule expressions and also links these expressions to the entities of an underlying enterprise model. Therefore, DSS rule models are generally manageable. On the other hand, the existence of a formal rule language could extend the applicability of DSS to the rule specifications generation and rule implementation phases.
The GUIDE project (Hay and Healy, 1997) identifies terms and facts in natural language rule statements, and consequently, the expressiveness it allows is very high. The meta-model it provides for describing the relations between these terms and facts is very detailed. This is good for two reasons:
(1) GUIDE rule models are highly manageable; and (2) they are very formal and fully consistent with the information models of a specific organisation.
A disadvantage of GUIDE is that it does not distinguish between informational and workflow concepts. IDEA (Zaniolo et al., 1997) is the only methodology that fully covers all the stages of the IS development lifecycle. The maintenance of formality and consistency with underlying business models are two of its focal characteristics. Another advantage is that it offers guidance for every activity being involved in the development of a rule-centric information system. A disadvantage is that the IDEA methodology is directed towards the use of specific active and deductive databases, and of the corresponding rule languages. As a result of this (1) IDEA rules are rather difficult to be expressed or even understood by business people; and (2) the choice of technologies to be employed for the development of an information system is rather limited.
Martin and Odell (1998) focus on defining business rules and on proposing a rule typology that has been adopted by many methodologists. They also indicate ways that rules can be integrated with various other (OO) IS analysis techniques. The Ross Method (Ross, 1997 ) is one of the most complete methodologies presented here. It is formal, in accordance with the underlying data models of an organisation, offers sufficient methodological guidance, and allows management of rule expressions based on a very detailed meta-model. It is also the only methodology that adopts a graphical notation for expressing rules. However, this does not seem to be an advantage, as the complexity of the resulting diagrams and the vast amount of graphical symbols they contain makes them impossible for to be understood by business people.
A roadmap for the elicitation of business rules
The Object Constraint Language of UML (Eriksson and Penker, 2000) has also got advantages and disadvantages. Although it is tightly bound with the widely accepted UML diagrams that assist in the design of OO information systems, the formalism it proposes is not very simple to understand and use. Moreover, it does not provide any methodological guidance for the collection of rules. Finally, it does not propose a meta-model for organising them. Instead, the structure it allows is implied by the allocation of rules to classes, attributes, associations and operations.
Classifying business rules
It has already been mentioned that the term "business rule" is used by different methodologists in different ways. In Rosca et al. (1995) , business rules are "statements of goals, policies, or constraints on an enterprise's way of doing business". In Herbst (1996a) , they are defined as "statements about how the business is done, i.e. about guidelines and restrictions with respect to states and processes in an organisation". Mitchell Krammer considers them as programmatic implementations of the policies and practices of a business organisation (Krammer, 1997) . "Depending on whom you ask, business rules may encompass some or all relationship verbs, mathematical calculations, inference rules, step-by-step instructions, database constraints, business goals and policies, and business definitions" (Halle, 1994) .
In this work, business rules are approached from an information systems analysis and design perspective, and can be defined as:
Projections of external constraints on an organisation's way of working, and on its supporting information systems' functionality.
Therefore, we can also distinguish between three types of business rules (Kardasis, 2001; Kardasis and Loucopoulos, 2003) , in accordance with the stages of rules analysis which is going to be discussed in Section 4:
. "Intentional rules" are expressions of business rules seen from a business context perspective. They express laws, external regulations, or principles and good practices, which constrain the way an organisation conducts business. Laws are imposed by the legal system of the environment in which the organisation operates (e.g. the State enforces laws on the estimation of taxes). Regulations are not legally binding but are imposed by other organisations as a prerequisite for interacting with them (e.g. an organisation may have regulations about the content, structure and appearance of service offerings submitted by other companies to them). Principles/good practices are recommended ways of working, leading to the acceptance of an organisation by its environment (e.g. a company may adopt the principle of equal opportunities for employing personnel).
. "Operational rules" are expressions of business rules, approached from a business process perspective. They prescribe action on the occurrence of some business event, or describe valid states of an organisation's informational entities.
. "IS implementation rules" are expressions of business rules examined from an IS architecture perspective. They describe valid states of data entities, or prescribe action on the occurrence of some systems event.
"IS implementation rules" are usually derived from specific "operational rules". Operational rules are usually derived from specific "intentional rules". In this sense, all the "intentional", "operational" and "IS implementation" rules of an organisation, together, do not form an unambiguous business ruleset for this organisation. It would be more precise to say that each expression of business policy or constraint has its instance(s) at the intentional, operational and IS architecture level, which relate to three different levels of business regulation maturity.
Examining rules from a business context perspective: intentional rules
The classification of rules according to business context criteria is based on the distinction between specific application areas (or business activity groups), which exist within most industry sectors. Extensive consulting experience has shown for example that management, business development, sales and marketing, procurement and administration activities can be found in a number of different markets: insurance, construction, manufacturing, banking, utilities, healthcare, real estate, retail, telecommunications, and so on. An empirical classification of rules along these lines is shown in Figure 1 .
. Management rules are expressions of business policy or constraints that deal with managerial issues, such as strategy development, tactical planning, business performance management, financial management, investments management, project management, and risk management (quality assurance and issues management).
. Business development rules deal with feasibility exploration concerning a new product or service idea, new product or service design, an existing product's or service's enhancement, trial/testing of a product or service, costing and pricing.
. Sales and marketing rules relate with market analysis, trends forecasting, product or service marketing, product or service withdrawal, public relationships management, customer relationships management, tendering, personalisation of offerings, purchase/service order management, customer account management and customer training.
. Core business rules constitute the wider rule category and depend on the particular characteristics of different industries. Some examples are: product manufacturing rules, distribution rules, returns management rules, store operation rules, operation scheduling rules, billing and revenues collection rules, benefits and claims management rules, service provision rules and service provision network management rules.
. Procurement rules concern purchasing of materials or sub-contracting of business services. Relevant activities are supplier/service provider selection, Figure 1 .
Intentional rules classification
A roadmap for the elicitation of business rules supplier relationships management, material procurement, service procurement and payables management.
. The term administration rule refers to supporting business activity policies and constraints, and can represent asset management rules, facilities construction and maintenance rules, inventory control rules, IT management rules, legal issues management rules, document management rules, accounting rules and human resources management rules.
Finally, there is a wide variety of rules representing the obligations of an organisation towards the State and the society. These rules relate to: economy, taxation and market, culture and education, employment and equality, environment and energy, health and safety, security and justice, and privacy, data and intellectual property protection.
Examining rules from a business process perspective: operational rules
The distinction between various types of operational rules is correlated with the attempt to analyse the application domain business processes, through the identification of different interrelated enterprise knowledge entities: actors, activities, activity enablers and information objects. This approach is followed by several existing methodologies, which distinguish between structural and action assertions (elsewhere referred to as integrity constraints and automation rules, or even data and process rules) (Herbst, 1996a; Rosca et al., 1995; Hay and Healy, 1997) . In the approach presented here, "operational rules" can be divided into two major categories: "descriptive rules" and "prescriptive rules" (Figure 2 ).
. Descriptive rules describe valid states of an organisation's informational entities (i.e. information objects, actors, activities and activity enablers), and can be further specialised in "information object rules", "actor rules", "activity rules" and "activity enabler rules". "Information object rules" examine the attributes of "information objects". "Information objects" represent entities containing information that is useful for an organisation. A service proposal, a product purchase order, or even a product are all represented by the corresponding "information objects". "Information object rules" define how an "information object" attribute derives from other "information object" attributes, or assign values to such attributes, or examine their integrity. "Actor rules" are very similar, dealing with "actor" attributes (i.e. attributes of employees, partners, customers, and so on). "Activity rules" describe status of activities. And "activity enabler rules" are concerned with the status of "activity enablers", i.e. the infrastructure that allows the execution of activities. Prescriptive rules prescribe action on the occurrence of some business event, and are distinguished into "workflow rules" and "information assertion rules". "Workflow rules" examine a set conditions on the occurrence of some event, and determine what workflow actions need to be taken. "Information assertion rules" examine a set of conditions on the occurrence of some event, and perform information updates accordingly. Given that all rules are associated with some event implicitly (otherwise they would never take effect), "descriptive rules" are very similar with "information assertion rules". However, the events of "descriptive rules" are trivial (representing the creation, viewing, updating or destruction of "information objects"), and therefore, they can be omitted. On the contrary, "prescriptive rules" are associated with non-trivial events that occur in the business environment of an application.
3.3 Examining rules from an IS architecture perspective: IS implementation rules "IS implementation rules" represent the implementable projection of "operational rules" on specific information systems. Meaning that a portion of an organisation's "operational rules" will be automated with the information system under development in the form of "IS implementation rules". "IS implementation rules" can be of two major types: "systems schema rules" and "systems instance rules" ( Figure 3 ). "Systems schema rules" examine or affect data entities at the schema level (e.g. they refer to clients, purchase orders, the tendering process, and so on). "Systems instance rules" examine or affect data entities at the instance level (e.g. such a rule may determine the access permissions of a particular user on some operation of the information system). "Systems schema rules" are further divided into:
. Data derivation rules aim at deriving a certain object attribute from other attributes of the same or different business objects. Data mapping rules are a special case of "data derivation rules".
. Data integrity rules determine the legal states or legal state transitions of data attributes, and can be either "data value integrity rules", or "data association cardinality rules", or "data value transition rules". Data value assertion rules may (or may not) examine a set of conditions on data attributes in order to assign values to another data attribute. Some types of rules that can be modelled as "data value assertion rules" are data profiling or clustering rules, systems security rules, systems user interface rules, and so on (depending on the selected architecture for the information system under development).
. Systems workflow rules prescribe the execution of a certain systems function on the occurrence of some systems event and as long as a number of conditions hold. Again, "systems workflow rules" can be used for modelling a number of different types of rules depending on the information systems architecture (e.g. systems security and systems user interface rules).
. Systems instance rules can be classified in a similar way, but the corresponding typology is not presented here for reasons of economy.
Proposing a business rules collection roadmap
The aim of this section is to propose a roadmap for collecting business rules as part of the requirements engineering process in multi-stakeholder, rule-intensive projects. The principal idea behind this roadmap is that different stakeholders have different views on the objectives of a particular enterprise/project. Therefore, it is necessary to identify all the different interested parties and to examine enterprise/project goals and constraints from their point of view. At a later stage, all these goals and constraints need to be translated to operational expressions of business policies. At the end, such expressions can be easily implemented in one or more business supporting information systems. The three groups of activities mentioned above can be packaged in three major roadmap stages as shown in Figure 4 .
. Intentional rule analysis contains preparatory activities aiming at an initial understanding of the organisation, crystallisation of the project's scope and objectives, identification of all the different stakeholders (or their representatives) who can contribute to the rules collection process, and deliberation together with them in order to reveal the origins of the various business rules (i.e. business tactics and constraints).
. Operational rule analysis involves the development of the necessary background in order to express business rules in accordance with actor, activity and information models that describe the organisation, in a structured way.
. IS architecture rule analysis deals with the specification of rules, which are going to be implemented in the rule-intensive information system under development. Such a system can be related to customer relationships management, document management, e-business, electronic procurement, enterprise resource planning, project management, workflow management, portal services, and so on. The three main stages of the rules collection roadmap (see Sections 4.1-4.3, for more details) are in accordance with the business rules classification scheme of chapter 4, which identifies intentional, operational and IS implementation rule statements.
Intentional rule analysis
Intentional rule analysis consists of the following steps ( Figure 5 ):
.
Business charting includes the study of actors and roles that play an important role within the organisation under investigation. Business charting results in the development of traditional organisational charts and high-level actor-role diagrams, which show the main goals of enterprise actor roles and dependencies with other actor roles.
. Project scoping deals with the identification of specific project goals, and boundaries of the application area to be approached by the project. This step results in the development of enterprise goal graphs and association of their leaf goals with related enterprise roles.
In viewpoints analysis different stakeholders (or representatives of stakeholders) are asked to explain the objectives of the organisation from their viewpoint, taking into consideration the particular project boundaries. Therefore, the outcome of this step is a set of new goal graphs, representing every different viewpoint.
In intentional rules collection, the aforementioned goal graphs are analysed, and business rules that affect the realisation of goals positively or negatively are identified in accordance with the rules classification proposed by this work. 4.1.1 Business charting. Any individual or group that is referenced by the organisational chart of an enterprise is an actor. Therefore, actors are the physical entities that are responsible for some aspect of the business. Actors may play one or more roles, be they collections of interrelated atomic activities that contribute to the fulfilment of one or more business objectives. Within this roadmap, the high-level description of roles can be achieved through the development of actor-role diagrams . Actor-role diagrams present the main goals of each role, as well as the dependencies between different roles. Dependencies between two roles can be:
. Authorisation dependencies. These denote hierarchical dependencies that may exist between roles.
. Resource dependencies. These illustrate the need for one role to use a resource that can be provided by another role. Co-ordination dependencies. These express the fact that a role may await the completion of an activity by another role, or the need for the two roles to co-operate towards the completion of a task.
Actor-role diagrams represent the first attempt of knowledge engineers to understand the organisation's structure and way of working.
4.1.2 Project scoping. The boundaries of a certain project can be explored through the use of a goal-based approach. Goals represent the purpose, rationale, and motivations behind enterprise structures and operations, as well as the intentions, objectives and visions of stakeholders regarding enterprise future states (Dardenne et al., 1993; Loucopoulos and Kavakli, 1995; Yu, 1995) . The proposed approach uses the goal concept in order to address both: Therefore, at the initial stage of a project, key stakeholders need to be approached in order to decide on the exact goals that the project will fulfil. These goals must be elaborated and structured in goal graphs (elsewhere referred to as goal hierarchies or goals trees), the upper levels of which represent ends, while the lower levels represent means for achieving the ends. High-level goals are decomposed to less-abstract goals of the lower level. Extending goal graphs downwards (i.e. refining goals) denotes goal fulfilment . The leaves of goal graphs must link to specific enterprise roles, the activities of which contribute to or are affected by the operationalisation of business goals in a direct or indirect manner. Ross and Lam (1998) present the relationship among enterprise "missions and objectives", "business tactics" and "policies" in the following two definitions:
Viewpoints analysis.
A tactic is defined as a course of action that can be followed to meet objectives.
A policy expresses that some specific or quantified constraint is needed to meet objectives.
In the same work, it is mentioned that ". . . a policy must always be sufficiently detailed and precise to give direct guidance to workers such that they know what to do or how to make some decision in relevant circumstances". Therefore, the fulfilment of objectives becomes feasible through the employment of appropriate tactics, and tactics are implemented in policies.
In the work presented here, the term "goal" embraces both objectives and tactics ( Figure 6 ). Business rules represent policies, and are clearly separated from tactics and goals. Thus, the fulfilment of strategic goals (objectives) depends on the satisfaction of operational goals (tactics), which are eventually implemented in business rules (policies).
The difference between goals and rules is illustrated in the following examples. "To support evaluation of responses to RFPs" is an enterprise goal at the strategic level [1] . "To identify an RFP response that represents an acceptable technical solution at the lowest possible price" is an enterprise goal at the operational level, and represents a tactic. The corresponding business rule is "To accept an RFP response, if BPMJ 11,4 the financial offer is the lowest among all and the technical offer score is above 80 per cent".
Based on all the above, the core idea behind this work could be summarised as follows:
All the rules that are applied consciously or subconsciously within an organisation are hidden behind the rationale of the various enterprise structures and ways of working, and behind the decision paths that have been and are being taken at the various enterprise development stages.
The terms "rationale" and "decision path" refer to sets of goals organised in goal graphs. Such graphs have already been developed to illustrate the general directions of the organisation and of the particular project. However, different stakeholders have different views on business objectives. In Nuseibeh et al. (1994) , "views" are characterised as vehicles for separation of concerns, allowing stakeholders to address only those concerns or criteria that are of interest, ignoring others that are unrelated.
Stakeholders with different views are usually aware of different business constraints (in other words, different business rules). These stakeholders need to participate in the requirements analysis phase of the project, by stating their own goals and by discussing how these goals are translated to business rules. Although, the selection of stakeholders is a very crucial but also complicated issue, its investigation is beyond the scope of this paper [2] .
The outcome of different stakeholders' involvement in the requirements analysis process is, initially, a set of complementary goal graphs (one or more goal graphs per stakeholder). Problems in the development of different stakeholders' goal graphs may reveal the need for revisiting the project goals (project scoping step). At a later stage, all goal graphs are analysed and rule expressions that are hidden behind them are identified (in accordance with the intentional rule typology presented in a separate section). The relation between goals and rules is threefold:
(1) goals reveal rules that are enforced by them; (2) goals reveal rules that create opportunities for their fulfilment; or (3) goals may reveal rules that hinder their fulfilment. Each rule that is identified within viewpoints analysis is recorded in natural language and is associated with a number of parameters related to . the stakeholder that revealed it;
. its enforcement authority;
. its enforcement status (e.g. active, suspended);
. its first enforcement date;
. its expiry date;
. its enforcement level (e.g. strict, flexible); and .
Other comments.
Operational rule analysis
The knowledge modelling "exercise" described in this work mainly aims at the design of business supporting information systems, which will either be built from scratch, or may be based on the configuration of a packaged solution. An initial step in information systems design deals with "architecturing", which concerns the identification of its distinct (although usually integrated) operational parts. Each one of these parts has a specific objective ("goal"). This objective is fulfilled through the facilitation of a specific workflow ("activities"). A systemic workflow involves one or more types of users ("actors"), uses or produces information ("information objects"), and also engages other enterprise resources ("activity enablers"). Operational rule analysis is based on this rationale, as shown in Figure 7 . "Context" represents the activities of an organisational unit, a certain business process or the boundaries of a specific elementary (business or system) application. For example, we may be talking about the "Purchasing Department" context, or the "Supplies Procurement" context, or the "Electronic Auctioning System" context. Contexts are being identified during business charting and project scoping.
"Actors" must be identified with a view to represent all different operational interests within a particular context, e.g. we may need to refer to "clients", "suppliers", etc. in addition to usual internal actors.
An "activity" is an elementary unit of action, necessarily dedicated to the satisfaction of a particular business goal. "Procurement" is not an activity, because it is not elementary (it involves many smaller activities). "Conduction of reverse auction" is an activity. "e-Mailing users" is not an activity because it is not dedicated to the satisfaction of one single business goal. "Information objects" and "activity enablers" are the various informational and infrastructural resources which need to be used for the execution of the activity.
Actors, activities, information objects and activity enablers are all associated with a number of "attributes", e.g. the "actor" "client" has a "priority", the "activity" "auction" has a "type", the "information object" "printing paper" has a "price" and the activity enabler "electronic marketplace" has a "status".
The approach presented here does not propose a particular technique for describing actors, activities, information objects and activity enablers. However, widely used formalisms that allow description of business activities at a high level (or escalating levels) of detail are most suitable. For instance, the process modelling component of the IEEE IDEF formalisms (IDEF0, 1993) provides the necessary semantics and notations for depicting major groups of business activities and the ways they interact with each other, along with the relevant information objects. Data flow diagrams (SSADM method; Robinson and Berrisford, 1994) are also an option for representing business activities and produced/used information objects. Information objects can be presented in two types of models: Business object diagrams (which are a variation of the Unified Modelling Language class diagrams) and object lifecycle diagrams, which aim at "describing the states of business objects, from the time they are created until they are destroyed" (Whitten and Bentley, 1998) . Business object diagrams are concerned with the way information objects are associated with their attributes and with each other. Object lifecycle diagrams approach information objects from a different perspective: the way they evolve through the occurrence of different business events.
The most important step in operational rule analysis is the development of business rule expressions in accordance with the enterprise knowledge models described above. During this step, some or all of the "intentional rules" collected during intentional rule analysis will be refined to more precise statements which will determine the behavioural aspects of the system under development. More specifically, during operational rules collection, the following actions are being taken:
. "Intentional rules" need to be distinguished into "descriptive" and "prescriptive" ones. "Descriptive rules" describe the structure of all types of informational entities. "Prescriptive rules" explain what has to be done on the occurrence of a certain event, and given that various conditions hold.
. All rules need to be refined to the lowest possible level of operational detail. This will derive a number of "prescriptive rules" from existing "prescriptive rules". It may also derive "prescriptive rules" from "descriptive rules". All rule expressions need to be rephrased in a way that they become consistent with the models of the previous operational analysis steps, and with a certain rule language.
. "Prescriptive rules" need to be rephrased in a way that it is clear:
What is the event that triggers their execution.
. What are the conditions that need to be checked.
What is the action that needs to be taken.
The schema for structuring "operational rules" according to the ECA paradigm (Assche et al., 1988) [3] , is presented in the following sub-section. 4.2.1 Structuring operational rules according to the ECA paradigm. According to the schema of Figure 8 , a certain "operational rule" may contain zero, one or more than one events ("operational WHEN part"), zero, one or more than one conditions ("operational IF part") and one and only one action part ("operational THEN part"). The existence of more than one event indicates that all the events must occur in order for the rule to be executed. Similarly, the existence of more than one conditions means that all the conditions need to be examined in order for the rule to be enforced. Alternative events or alternative conditions are stipulated by multiple rule expressions.
A rule's "operational WHEN part" is used for storing the business "event" that triggers its execution. Events have been defined as "indivisible atomic units of action, with no duration, that occur in the real world, and affect at least one business entity" (Snoeck and Poels, 2000) . Although, event modelling is a quite complex area, and one can identify a wide variety of event types, we consider sufficient to refer to distinct business "events" that trigger the execution of "activities", without analysing them any further. On the contrary, the analysis of "operational rule" conditions and actions is significant in the context of rule management, and therefore, is discussed in detail subsequently.
The "operational IF part" schema presented in Figure 9 shows how rule conditions can be associated with information entity attributes and/or information entities, so that appropriate grouping of rules is facilitated. It is worth mentioning that one condition may be associated with more than one information entities or information entity attributes. Figure 10 shows a schema for structuring "operational THEN parts". According to this, different types of assertions, or declarations, or actions are defined on different enterprise information entities ("actors", "activities", "activity enablers", "information objects" and their attributes). Derivations (a special category of "attribute assertion") are associated with information entity attributes with two types of relationships ("is defined on" and "is used by"), so that it is easy to identify the attribute that a derivation derives, and the attributes that it derives it from. Associations accommodated by the proposed schema allow grouping and retrieval of rules according to their effect on business structures and ways of working. For example, it is easy to retrieve all the rules that affect a certain enterprise activity, or that concern a particular actor.
The type of the "operational THEN part" characterises a rule as a whole. Therefore, if a rule activates an enterprise "activity" in its "operational THEN part", then it is a workflow rule (no matter whether it examines "activity attributes" or "information objects" in its "operational IF part").
Finally, an "operational rule" may reference one or more "activity/activity enabler relationships", "activity/information object relationships" or "actor/activity relationships". This type of reference determines the context of the rule, especially in cases of complex condition parts, where different informational entities are examined, and it is not clear how these entities relate to each other.
IS architecture rule analysis
The final stage of the rules collection roadmap deals with the transformation of "operational" to "IS implementation rules". The first step of IS boundaries finalisation A roadmap for the elicitation of business rules is a refinement of the analysis that took place during the operationalisation stage, which revealed the main groups of functionality to be accommodated by the IS under investigation. The IS boundaries finalisation step provides a more informed view on the IS architecturing process, taking into account all the practical limitations and the available solutions that can be adopted (Figure 11 ). Subsequently, the IS designers can proceed with the development of the data schema which will support the new IS. IS implementation rules will make references to this data schema, which may not contain all the informational entities mentioned in the operational rule analysis stage (i.e. all actors, all activities, all information objects, all activity enablers, and all their attributes). This depends on the constraints placed by the selected architectural solution.
At the final step of IS implementation rules collection, previously collected "operational rules" are translated to the corresponding "IS implementation rules" according to the typology presented in a previous section. Again, there will be many "operational rules" which will not be projected on the IS architecture level in any way, while a number of rules (e.g. dealing with data mappings, security, etc.) will appear for the first time during this stage.
It is worth mentioning that the collection of "IS implementation rules" depends on the information systems' implementation choices very heavily (especially in cases of packaged solutions' customisation). Therefore, it is very difficult to prescribe methodological actions at a great deal of detail, for tackling all the issues that may need to be solved.
Collecting business rules towards the design of an electronic procurement system in the construction sector
The case study presented in this section illustrates the application of the business rules collection roadmap in a rule-intensive project within the construction sector. The objective of this project was to design an electronic procurement system, which would assist a medium-sized construction company in purchasing raw materials from their suppliers, and in sub-contracting services to other companies. The structure of the following paragraphs reflects the different steps of the proposed roadmap.
Business charting
An initial activity of the business charting step involved the development of the organisational chart of Figure 12 . According to this chart, the company has two different levels of management: The upper level consists of the Managing Director and two assisting managers (technical manager and financial manager). The lower level consists of the various project managers (one for each construction site), and the managers of the supporting departments (accounting, administration, legal, central Figure 11 . IS architecture rule analysis steps warehouse). All the individuals or groups of individuals represented by the company's organisational chart are our project's "actors".
The enterprise roles played by a portion of the above actors are shown in the actor-role diagram of Figure 13 . Each role contains the main goals that the corresponding actors fulfil through his/her enterprise activities, as well as its dependencies with other roles. For example, in order for the Project Manager "to manage contracts with specific clients", the Managing Director needs to "sign off contract . . . ".
Project scoping
The project scoping step starts with the development of a goal graph presenting the general expectations from the project. According to the goal model of Figure 14 , the A roadmap for the elicitation of business rules main aims of the project are "to manage RFPs electronically" and "to perform electronic catalogue procurement". RFPs are the requests for proposals on behalf of sub-contractors and involve the publishing of specifications for sub-contracted services, the evaluation of proposals and the management of contracts. Catalogue procurement concerns the purchasing of raw materials, and includes creation of purchase orders, invoicing, payments and monitoring of order execution. Matching of project scoping "goals" discussed above with the "role" goals collected during the business charting step can lead to the identification of enterprise internal enterprise "actors" who have some stake in the realisation of each project goal, and therefore, need to participate in the analysis process. This is shown in Table II .
Viewpoints analysis
The objective of this step is to identify all the different viewpoints that need to be taken into account in the rule analysis process. These viewpoints are not only internal to the organisation. The "client", the "supplier", the "sub-contractor" and even the "State" also have an interest in the project. For example, the client expects from the project to stay within budget, and to respect quality standards described in the contract. The "State" has legal requirements regarding the construction process and product, tax requirements, and so on. External viewpoints will be discussed by the appropriate internal actors as shown in Table III .
The following two goal graphs (Figures 15 and 16 ) represent the viewpoints of the construction company itself and of the sub-contractor. The reader can notice that the same project goals are refined differently for each one of the two different viewpoints. For example, as far as the electronic evaluation of proposals are concerned, the construction company has three goals: "to pre-select top ranking suppliers", "to reject suppliers that do not seem to be credible", and "to select proposals with highest Figure 14 . Using goal graphs for project scoping technical quality/price rate". On the other hand, the objectives of the sub-contractors are "to ensure transparency of the evaluation process", "to ensure opportunities to new entrants in the field", and "to ensure that there can be negotiations on terms and prices after the proposal stage".
Intentional rules collection
The following tabular structures present "intentional rule" expressions collected by analysing the goal graphs of the viewpoints analysis step. Each tabular structure is organised as follows. Top cells contain goals. Below each goal there is one or more rules. Each rule is accompanied by a rule type (based on the rules classification scheme presented in an earlier section of this work) and the type of relationship between the rule and the goal behind it. Additional information is also kept (e.g. details about the session that revealed a particular rule) which is not shown in this example (Table IV) .
Operational rule analysis
The objective of operational rule analysis is to develop a structured business process and enterprise knowledge context concerning the organisation under investigation, and to transfer "intentional rule" expressions into this context, in the form of ECA rules.
Table V attempts to present main operational elements that are of interest within our project's scope in terms of "actors", "activities", "activity enablers" and "information objects". Each row of this table reads as follows: "Actor" participates in "activity", which uses/produces "information object", by using "activity enabler". Two examples are: "Construction company participates in RFP publishing which uses/produces RFP"; and "Construction company and sub-contractor participate in contract development, which uses/produces contract".
The information entities of the above table can also be presented in graphical enterprise knowledge models, which will facilitate communication and deliberation with the stakeholders. In the case study presented here, the simplified data flow diagram of Figure 17 shows flow on information objects from one activity to another, while the simplified entity -relationship diagram of Figure 18 represents the main relationships between the aforementioned information objects.
At the final step of operational rules analysis, "intentional rule" expressions developed during the intentional analysis stage will be rewritten in a way that they are (1) in accordance with the ECA paradigm; and (2) consistent with the operational (activity and information) models describing the organisation under investigation.
Some of the results of this process are shown in Figure 19 .
Summary and conclusion
This paper puts forward a roadmap for collecting business rules and proposes a set of methodological tools for managing the artefacts of the rules collection process in A roadmap for the elicitation of business rules the context of rule-intensive information systems analysis. The proposed approach, which has been illustrated through a case study dealing with the design of electronic procurement support in the construction sector, is based on the analysis of different stakeholders' enterprise goals. In principle, business rules are considered to be either the effect of enterprise goal operationalisation, or the reason behind the way goals are operationalised. Based on that, rules are "harvested" by examining the views of different stakeholders on their organisation's objectives, and on the relation between these objectives and existing business constraints. In this way, it is guaranteed that the collected rules represent the policies and tactics that enterprise management has decided, and not the ones that the organisation's employees are used to apply (possibly and often incorrectly). Moreover, it is guaranteed that parameters that employees may not be aware of (e.g. complex legal issues, delicate ethical concerns, and so on) will also be taken into consideration. The roadmap to business rules collection is also strengthened by the use of a comprehensive rule classification, which identifies all the possible areas of interest within most business environments (e.g. management, business development, sales and marketing, and so on) and indicates the stakeholders that need to play some role in the analysis process. The proposed classification has been based on extensive consulting experience from analysing different industrial domains, and from designing information systems either from scratch or based on the available functionality of customisable packaged solutions.
A final advantage of the proposed approach concerns rule management. The concept of rule management is closely related to the efficient organisation and retrieval of business rule expressions. The work presented here proposes a schema for structuring and organising rules, by linking them with the goals and other rules they derive from, information about the rule collection sessions that revealed them, business or information system events that trigger their execution (if there are any), and various information entities (i.e. "actors", "activities", "activity enablers" and "information objects") that constitute their context, and that characterise their condition and action parts. Therefore, by organising rules according to the proposed approach in a repository environment, it is easy, for example, to retrieve all these rules that concern a particular supplier, or apply on a specific activity, or need to be triggered as soon as the status of an activity enabler changes.
On the other hand, the proposed approach has a number of limitations, which also point out directions for future work. For example, the rule collection roadmap needs to be enriched with guidelines for selecting the appropriate stakeholders to participate in the process. A methodology for resolving conflicting stakeholder views also needs to be encompassed. Moreover, a rule management tool is necessary in order to be able to exploit the potential of the proposed rule organisation schema. Another disadvantage that needs to be mentioned relates to the size and complexity of rule projects that adopt the proposed approach. The fact that rule operationalisation pre-assumes extensive process modelling of the application domain is a discouraging parameter, given that it increases the duration and cost of the project as a whole. Finally, the success of a rule project is highly dependent on the organisation's culture, in the sense that key stakeholders need to be convinced about the necessity of knowledge management activities in general, have to be familiar with the concept of "business goal" and "business rule" in particular, and must be in agreement with the choice to take into account different viewpoints in order to determine requirements and IS specifications.
